A BCR lntercomparison of field strength meters was performed during 1991-1993 over the frequency range 100 kHz t o 1000 MHz and field strength range 1 V/m t o 10 V/m, using different calibration techniques. Four field sensors, electric as well as magnetic, have been used. If certain procedures are followed, a calibration uncertainty of less than 1 dB can be obtained.
Introduction
Over several decades the electronic industry has become slowly familiar with the field o f 'EMC', i.e. Electromagnet i c Compatibility. When comparing results of immunity testing o f equipment, large discrepancies in the field strengths measured in different immunity testing facilities have been found. These discrepancies might be explained by:-firstly, the generated local fields are sensitive t o the particular set-up in each laboratory; -secondly, an important part of the inaccuracy could also be caused by the method used for calibration of field strength meters. Therefore if the uncertainty in the calibration of field probes could be reduced this would certainly have a beneficial effect on EMC immunity testing.
This report describes the work carried out t o investigate the quality of calibration o f the probes used in immunity testing. The project was carried out under the auspices of the Community Bureau of References (BCR, part of the Commission of the European Communities) and is the result of a discussion about the recent implementation of the EC directive on EMC between EUEFTA participants active in testing and calibration from different areas of industry and legal metrology. The measurement results are evaluated with emphasis on the calibration procedures being used by (accredited) calibration facilities and national standards laboratories, their quoted uncertainties and the level of consistency. In this way the results should make it possible t o state an accuracy level in the test procedures for certification and should be used in the writing of (new) harmonized standards.
Organisation
NMi Van Swinden Laboratorium (VSL), Delft, the Netherlands, was appointed t o act as pilot laboratory and t o purchase the field strength meters and t o carry out an evaluation. The official measurements were done from August 1991 until February 1993. The round-robin intercomparison was carried out as a three-loop circulation with two check measurements at the pilot laboratory. An ATA carnet accompanied the goods and was updated each time at VSL. 
Travelling standards
Generally speaking the immunity testing levels range from 1 V/m up t o 10 V/m in the frequency range 0.1 -1000 MHz.
It was decided first t o focus on the calibration methods and t o use probes as travelling standards, each being measured at a number of locations in a round-robin intercomparison.
The pilot laboratory selected a maqnetic probe and three electric, isotropic probes, t w o of an older type with integrated readout, but with a fibre optic link and a more modern one with computer control and digital readout of the individual elements and their vector sum. In order t o separate the field sensing equipment from the electronic read-out, almost all instruments had fibre-optic links. The only exception was the magnetic field probe, for which VSL built such an extension. The pilot laboratory provided a set of guidelines t o streamline the measurement process and data presentation. A detailed set of orthogonal orientations was chosen t o avoid ambiguity in the set-up, based upon the directions of the Efield and the Poynting vector (e.g. A/B is parallel t o E-field).
Calibration methods
Crawford type TEMsell and GTEWapered cells have been used t o create known electric fields using throughput andor incident power and voltage as parameters. Otherwise the fields are generated using antennae, usually in an anechoic room (Open area method). All laboratories have used TEMsells for creating a known magnetic field, based upon the incident power and the free space impedance. In Table 1 an overview of the total systematic uncertainty in terms of 2u, is given as stated by the participants for each calibration method, usually independent of the type of probe.
As example the results for 'probe 1 are given for each calibration method. Figures 1 through 3 -Calibration should be carried out in a standardised way, with a prescribed orientation of the field strength meter (avoiding a measurement with the handle parallel t o the electric field) and with an isotropy check.
-Calibration of single magnetic loops using TEWGTEM-cells should be investigated in more detail, as it provides a calibration method with a wider application than the normal one.
-An exchange of user information might be useful for the calibration laboratories and might lead t o suggestion t o the manufacturers for improving their products.
